Eight beef steers fitted with esophageal (four steers/pasture) and 12 beef calves fitted ruminal and duodenal (six calves/pasture; beginning BW = 267 ± 6 kg) cannulas grazed either midgrass prairie rangeland (excellent range condition; MIDGRASS) or plains bluestem ( Bothriochloa ischaemum var.
Introduction
Native range and Old World bluestems are two of the primary forage resources for beef cattle production in southwest Oklahoma. Plains bluestem ( Bothriochloa ischaemum var. Plains; BLUESTEM) was introduced in 1972 and has been promoted as a complementary forage to native rangeland in the Southern Plains, because BLUESTEM begins its spring growth later than the native midgrass prairie ( MIDGRASS) and the majority of growth occurs in the summer while MIDGRASS is in summer dormancy (Taliaferro et al., 1972; Sims and Dewald, 1982) . However, estimates of energy and protein intake by cattle would be beneficial when designing grazing schedules for each forage resource that 7 Contained ( % of DM): 20.5% NaCl, 16.5% Ca, 8.0% P, .02% I, trace minerals (Co, Cu, Fe, Mn, and Zn), 44,000 IU vitamin A/kg, and 22,000 IU vitamin D 3 /kg. complements the requirements of the cattle.
Previous research has elucidated that cattle grazing native and introduced grasses may require nutrient supplementation for optimal animal performance during mid-to late summer (Funk et al., 1987a; Campbell, 1989; Gunter et al., 1993 Gunter et al., , 1995b . Gunter et al. (1995b) demonstrated that diet quality, ruminal fermentation characteristics, and in situ rate and extent of N and OM degradation differed between MIDGRASS and BLUESTEM across the summer grazing season. Before it would be possible to design supplements that will optimize forage utilization and animal performance, estimates of energy and protein intake and digestion are required so supplements will complement the forage characteristics.
We conducted this study to measure differences in nutrient intake by, and site and extent of digestion, postruminal non-ammonia N ( NAN) flow, and net ruminal microbial protein synthesis in cattle grazing MIDGRASS or BLUESTEM across the grazing season in southwest Oklahoma.
Materials and Methods
Research Site. This study was conducted at the Marvin Klemme Range Research Station in Washita County, OK (35°22′ N, 99°04′ W), which is located in the Rolling Red Plains resource area (SCS, 1982) . Precipitation from January through October at Clinton, OK, approximately 16.1 km north of the station, was 77 cm (average precipitation = 70 cm) in 1990 and 63 cm in 1991. Soils on the MIDGRASS are in the Cordell Series and are mapped as a Red Shale range site. The 48.6 ha of MIDGRASS had no history of cultivation and was in excellent range condition (Stoddart and Smith, 1955) . The only previous grazing management practice implemented on the MIDGRASS was continuous stocking at a moderate rate with cattle. The 6.5 ha of BLUESTEM was adjacent to the MIDGRASS. The BLUESTEM was established in 1989 on a St. Paul silt loam soil. This site had been cultivated for wheat production for several years before pasture establishment. In 1990, the BLUESTEM was fertilized on July 26 with 68 kg of N and 49 kg of P/ha. In 1991, 47 kg of N/ha was applied on May 1.
Sampling Procedures. The eight 11-d sampling periods were conducted between May 9 and October 19 during 1990 and 1991. Sampling periods during 1990 were mid-spring (May 9 to 20), mid-growing season (June 20 to July 1), mid-summer dormancy (August 8 to 19), and early fall (October 8 to 19). Because of winter kill in 1990, BLUESTEM was allowed to recover until mid-June before grazing was initiated. Therefore, the mid-spring trial in 1990 lacks BLUESTEM. Sampling periods for 1991 were May 10 to 20, June 22 to July 2, August 12 to 22, and October 5 to 15.
Eight steers fitted with esophageal cannulas (four steers/pasture; initial BW = 262 ± 5 kg) and 12 ruminally and duodenally cannulated cattle (six calves/pasture; 1990, heifers, British × British, beginning BW = 274 ± 6 kg; 1991, steers, British × British, beginning BW = 259 ± 5 kg) were allowed to graze the sites for 2 wk before the first sampling period. Thereafter, the cattle grazed MIDGRASS and BLUESTEM throughout the entire grazing season. All surgeries were conducted by staff clinicians at the Oklahoma State University Veterinary Hospital, and all surgeries and experimental procedures were approved by the Oklahoma State University Animal Care Committee and were in accordance with the recommendations of the Consortium (1988) . Cattle had ad libitum access to water and mineralized salt 7 . Esophageal masticate was collected from each site with the esophageally cannulated steers on d 1 and 2 of each sampling period. At sunrise, steers were fitted with screen-bottom collection bags and allowed to graze for 30 to 45 min. After collection, masticate samples were composited by steer across days and a 20% aliquot of the composite was stored frozen.
Chromic oxide was used to determine fecal output and duodenal flow. Chromic oxide was administered by inserting a gelatin capsule containing 7.5 g of chromic oxide into the rumen twice daily (sunrise and 12 h later) beginning on d 1 of the sampling period and continuing through d 10. Fecal grab samples were collected at sunrise and 12 h later during the last 5 d of each sampling period. Duodenal samples were collected on BLUESTEM at sunrise on d 6 and 9, 6 h after sunrise on d 7 and 10, and 12 h after sunrise on d 7 and 8. On MIDGRASS, duodenal samples were collected at sunrise on d 7 and 10, 6 h after sunrise on d 6 and 10, and 12 h after sunrise on d 6 and 9. Approximately 250 mL of chyme was collected at each sampling time, composited across days and times within animal, and stored frozen.
On d 11 at sunrise, the cattle were weighed unshrunk. After weighing, 2 L of ruminal fluid were collected from each animal for isolation of bacteria. Whole ruminal contents were strained through cheesecloth, and the fluid was preserved with formaldehyde (25 mL of .9% [wt/vol] NaCl in 37% formaldehyde/100 mL of ruminal fluid).
Laboratory Analyses. Masticate, duodenal, and fecal samples were lyophilized (Virtis Freeze Drier, Model 10-100V, Virtis Corp., Gardiner, NY), ground through a Wiley mill (2-mm screen), and analyzed for DM and ash (AOAC, 1991), NDF and ADF (Goering and Van Soest, 1970) , and Kjeldahl N (AOAC, 1991). Chro-mium concentration in the duodenal and fecal samples was determined by atomic absorption spectroscopy (air-plus-acetylene flame; Williams et al., 1962) . Lyophilized duodenal samples also were analyzed for ammonia N ( NH 3 N; AOAC, 1991) and purines (Zinn and Owens, 1986) . Bacteria were isolated from the formaldehyde-preserved ruminal fluid by differential centrifugation (Merchen and Satter, 1983) , lyophilized, ground with a mortar and pestle, and analyzed for DM, ash, N (AOAC, 1991) , and purines (Zinn and Owens, 1986) .
In vitro OM disappearance ( IVOMD) of masticate samples was determined by inoculating centrifuge tubes that contained .5 g of masticate with a 50:50 ruminal fluid:McDougall's buffer containing .10% (wt/ vol) urea (Tilley and Terry, 1963) . Samples were allowed to incubate for 48 h at 39°C, after which the samples were digested with an acid/pepsin solution for 24 h at 39°C. Laboratory standard forages were analyzed concurrently with the masticate samples. Ruminal fluid was collected ( 3 to 4 h after the morning feeding) from two ruminally cannulated heifers fed a 50% alfalfa:50% prairie hay diet.
Calculations. Organic matter flow at the duodenum and fecal OM output were calculated as the ratio of chromium dosed (g/d):chromium concentration (g/g OM) in duodenal and fecal samples. Forage OM intake was calculated as the ratio of fecal OM output: in vitro OM indigestibility of the masticate. Individual nutrient flows were calculated by multiplying sample nutrient concentration ( % of OM) by OM flows. Microbial N flow at the duodenum was determined from the ratio of purine:total N in bacteria and duodenal purine flow. Available NAN flow was calculated by subtracting metabolic fecal N requirements from total NAN flow (NRC, 1985) . Metabolic fecal N was assumed to be 14.4 g of N·kg of fecal OM output −1 ·d −1 (NRC, 1984) .
Multiple regression models were developed to estimate effects of independent variables on dependent variables. For each instance, models contained forage type as an indicator variable in addition to linear and quadratic terms for the independent variables of choice and interaction terms (Neter et al., 1989) . If an independent variable was found insignificant ( P > .10), it was excluded from the analysis. All data were analyzed in one model to minimize the SE of the predicted Y-value (Neter et al., 1989) . Data were analyzed by analysis of variance as a split-plot design with a model including the effects of year, forage type, month, year × forage type, month × forage type, and year × month within forage type (Lentner and Bishop, 1986) . Before statistical analysis, means for nutrient intakes and flows were adjusted linearly to the mean body weight within a sampling period across years ( Table 1 ). The effects of year and forage type were tested with the interaction of year × month. Least squares means were separated using the LSD procedure (Lentner and Bishop, 1986) .
Results and Discussion
Animal Weight. Average animal body weights averaged over both years are presented in Table 1 . The growth rate of the cannulated cattle averaged over forage types and years was similar to other reports from southwest Oklahoma (.7 kg BW/d), indicating that these cattle probably consumed normal amounts of feed and had normal grazing behavior compared to non-cannulated cattle. Gillen and McCollum (1992) reported that the ADG of steers (initial BW = 205 kg) grazing adjacent MIDGRASS was .74 kg BW/d averaged over three grazing seasons (May 1 through September 15, 1990 through 1992).
Masticate Composition. One of the primary changes in nutrient composition of the diets was a decrease ( P < .05) in N concentration in June and August, except for BLUESTEM in August 1990 (Table 1 ). In vitro OM disappearance from the masticate samples followed a pattern similar ( r = .66) to that of the masticate N concentration. Other researchers have reported similar relationships between IVOMD and N concentration in diets collected from rangeland over the summer grazing season (Campbell, 1989; Park et al., 1990; Brandyberry et al., 1992) . Nutrient composition of masticate was described in detail by Gunter et al. (1995b) , including species composition, pepsin insoluble N, and in situ OM and N disappearance.
Nutrient Intake. In May, OM intake ( OMI) by cattle grazing MIDGRASS was similar ( P > .05) between years and was approximately 3.1% of BW (Table 2 ). This OMI level is higher than that reported by Funk et al. (1987a) ; they reported that steers grazing blue grama rangeland (shortgrass prairie) in New Mexico consumed 2.5% of BW. Campbell (1989) reported that steers grazing tallgrass prairie in central Oklahoma consumed 1.9% of BW in May. Cattle grazing BLUESTEM in May 1991 consumed less ( P < .05) forage than cattle grazing MIDGRASS. Organic matter intake by cattle grazing BLUESTEM probably was restricted by grazing time. The BLUESTEM was rotary-mowed in late April to remove standing dead forage that remained from the previous year. The grazing horizon seemed to be below the level of the dead stubble, so cattle probably spent considerable time searching for "preferable forage" (Minson, 1990) . In June and August, OMI decreased to approximately 2.5% of BW, except on BLUESTEM in June 1991, when OMI was 2.8% BW ( P < .05). Also, OMI for cattle grazing BLUESTEM was greater ( P < .05) in June 1991 than in June 1990. In October, cattle grazing MIDGRASS consistently consumed more ( P < .05) OM than cattle grazing BLUESTEM. The lower OMI by cattle grazing BLUESTEM in October may have resulted from the tendency for stands of Old World bluestem to become stemmy in the fall (Coyne and Bradford, 1986; Dabo et al., 1987) . Diets that contain more stems than leaves (Laredo and Minson, 1973) . The lower leaf:stem ratios reported on Old World bluestem pastures in the fall (Coyne and Bradford, 1986; Dabo et al., 1987) may limit the ability of the cattle to prehend "preferable forage," increase grazing time, and therefore limit OMI. Based on the assumption that TDN is equal to digestible OM ( DOM; NRC, 1985) , cattle grazing either forage failed to consume enough DOM to meet Figure 1 . Digestible OM (DOM) requirement of a medium-framed steer gaining .9 kg/d (NRC, 1985) and the estimated DOM intake by cattle grazing midgrass prairie rangeland (MIDGRASS) or plains bluestem pasture (BLUESTEM). Body weights for May, June, August, and October were 267, 306, 337, and 363 kg, respectively. the energy requirement for a medium-framed steer to gain .9 kg/d (Figure 1) . In May 1991, cattle grazing MIDGRASS consumed more ( P < .05) DOM than cattle grazing BLUESTEM, similar to the difference in OMI (Table 2 ). In June and August, DOM intake tended ( P < .10) to be greater for cattle grazing BLUESTEM than for cattle grazing MIDGRASS. Based on this difference in DOM intake with cattle grazing MIDGRASS or BLUESTEM, cattle grazing BLUESTEM should have a superior rate of BW gain in June and August (NRC, 1984) . In October, DOM intake did not differ ( P > .10) between forage types; however, cattle during 1990 consumed less ( P < .05) DOM than cattle during 1991. Cattle grazing rangeland in New Mexico (inhabited by Bouteloua spp.) and the cattle grazing MIDGRASS consumed a similar level of DOM even though the diets consumed by cattle in New Mexico were more digestible (Funk et al., 1987a,b) .
Neutral and acid detergent fiber intakes increased ( P < .05) from May to June (Table 2) . After June, the fiber concentration in the diet fluctuated little; therefore, any change in fiber intake after this time was the result of changes in OMI. Neutral detergent fiber has been implicated as an important regulator of forage intake (Balch and Campling, 1962; Conrad et al., 1964; Forbes, 1986 ). This conclusion cannot be drawn from the current study. In May, June, and August, OMI declined as fiber intake increased. But in October, the relationship between fiber intake and OMI was less apparent. As suggested earlier in the text, decreased OMI noted in the fall may have resulted from the time spent by cattle seeking out young tillers and may have not been related to NDF concentration of the diet.
Nitrogen intake by cattle grazing either forage type consistently decreased ( P < .05) from May to June (Table 2) . Nitrogen intake by cattle grazing MIDG-RASS was similar ( P > .05) between months in June and August 1990. However, N intake on BLUESTEM increased ( P < .05) from June through August 1990. This increase in N intake probably resulted from two factors. First, in June and August, cattle grazing BLUESTEM were readily consuming Russian thistle ( Salsola iberica; Gunter et al., 1995b) . Hand-clipped samples of Russian thistle contained 4.3% N. Second, on July 26, 69 kg of N/ha was applied to the BLUESTEM. Minson (1990) noted that the N level in plants peaks approximately 3 wk after N fertilizer is applied. Approximately 20 d separated the fertilizer application in July and the August sampling period. Nitrogen concentrations in the diets were similar between August 1990 and May 1991; these two sampling periods occurred approximately 3 wk following N fertilizer application (Table 1 ). This similarity in dietary N concentration suggests that mid-summer N intake potentially can be manipulated by fertilizing Old World bluestem pastures in mid-July. Further research is needed to compare the amount of fertilizer N captured as duodenal NAN and protein vs the amount of protein supplied by a supplement. During 1991, the N intake by cattle grazing either forage followed a similar decline from May through August. But in October, cattle grazing MIDGRASS tended to Site and Extent of Digestion. Duodenal OM flow during 1990 was not different ( P > .05) from May through August on both forage types (Table 3) . In October, duodenal OM flow was lower ( P < .05) on BLUESTEM because of the decrease in OMI. During 1991, duodenal OM flow (g/d) in cattle grazing MIDGRASS increased ( P < .05) with advancing season, but flow remained constant as a percentage of body weight (1.8%). The duodenal OM flow in cattle grazing BLUESTEM during 1991 remained constant ( P < .05) throughout the grazing season and generally was lower than the flow observed on MIDGRASS. Funk et al. (1987a) and Campbell (1989) reported a similar increase in duodenal OM flow as the cattle grew during their experiments. The constant, rather than increasing, duodenal OM flow in cattle grazing BLUESTEM was explained partially by a tendency ( P < .09) for a greater extent of IVOMD to occur during October than in May (Table 4) . Duodenal non-microbial OM flow followed a pattern similar to total OM flow among months and between forages (Table 3 ). The extent of true ruminal OM digestion in cattle grazing either forage decreased ( P < .05) as the grazing season advanced (Table 4 ). The only exception was in cattle grazing BLUESTEM in October 1991, when ruminal OM digestion increased ( P < .05) relative to August. The flow of microbial OM to the small intestine seemed to be related positively ( P < .01; r = .94) to the amount of OM digested in the rumen (Table 3) .
Fecal OM output followed a pattern similar to duodenal OM flow among months and between years (Table 3 ). Fecal OM output was similar within forage types from May through August (MIDGRASS = 1.2; BLUESTEM = 1.0% of BW). In October, fecal OM output differed ( P < .05) by year and forage type (MIDGRASS, 1990 = .84, 1991 = 1.3; BLUESTEM, 1990 = .6, 1991 = .9% of BW). Funk et al. (1987a) and Campbell (1989) noted that cattle maintained or slightly increased fecal OM output later in the grazing season. Lower tract OM digestion ( % entering duodenum) was similar among most months and between forage types (Table 4) . Estimates of lower tract OM digestion tended to be higher than values reported by other researchers (Funk et al., 1987b; Stokes et al., 1988; Campbell, 1989) but were similar to values reported by Gunter et al. (1990) . The OM digested in the small intestine consists largely of microbial cells, whereas both microbial cells and undigested fiber are fermented in the hindgut (Funk et al., 1987a) .
Based on the data presented in Table 5 , ruminal digestion of NDF and ADF accounted for 87 and 90%, respectively, of total tract digestion. Extents of rumi- Table 4 . Site and extent of OM digestion in beef cattle grazing midgrass prairie rangeland (MIDGRASS) and plains bluestem pasture (BLUESTEM) a n = 6. b,c,d,e Means within a forage type and year with uncommon superscripts differ among months ( P < .05). f,g Means within year and month with uncommon superscripts differ between forage types ( P < .05). h,i Means within forage type and month with uncommon superscripts differ between years ( P < .05). (Funk et al., 1987a; Stokes et al., 1988; Gunter et al., 1990) . Funk et al. (1987b) documented that as grazed forages matured, the extent of fiber digestion that occurred in the rumen increased. In contrast, the extent of ruminal fiber digestion in our study tended to remain constant (Table 5) . Table 6 . Duodenal flow and fecal output of nitrogen in beef cattle grazing midgrass prairie rangeland (MIDGRASS) and plains bluestem pasture (BLUESTEM) a n = 6. b,c,d,e Means within a forage type and year with uncommon superscripts differ among months ( P < .05). f,g Means within year and month with uncommon superscripts differ between forage types ( P < .05). h,i Means within forage type and month with uncommon superscripts differ between years ( P < .05). j NAN = non-ammonia nitrogen. Non-ammonia N flow at the duodenum usually was greater ( P < .05) in cattle grazing BLUESTEM than in cattle grazing MIDGRASS (Table 6 ). Plains bluestem pasture consistently supplied more ( P < .05) NAN in August. Non-ammonia N supply in relation to the requirement of a medium-framed steer gaining .9 kg of BW/d is illustrated in Figure 2 (NRC, 1985) . The lowest NAN supply was recorded from cattle grazing BLUESTEM in October 1991, which was 134% of the requirement. By comparing Figures 1 and  2 , it seems that energy intake probably was firstlimiting for growth of stocker cattle grazing these forage types.
Month
Except for BLUESTEM in 1990, non-microbial N flow at the duodenum decreased ( P < .05) as the grazing season advanced (Table 6) , possibly resulting from a decreased concentration of N in the forage OM (Table 1) . Non-microbial N flow relative to total N flow is within the range (40 to 60% of total N ) suggested by Owens and Zinn (1988) for diets of various N contents. These non-microbial N flows are greater than those reported by Funk et al. (1987a) or Campbell (1989) ; the higher level of OMI recorded in this study may have increased the escape value of the forage N. Even though non-microbial N flow tended to decrease from May until August, non-microbial OM flow tended to increase ( r = −.56; Tables 3 and 6 ). This inverse relationship probably results from a lower concentration of digestible N in forage OM (Gunter et al., 1995b) .
Across both years and forage types, microbial N flow was highest in May; by June microbial N flow had decreased approximately 16% (Table 6 ). Microbial N production seems low compared to values reported in a review by Minson (1990) . However, other researchers have reported similar values (MacRae and Ulyatt, 1974; Funk et al., 1987a; Campbell, 1989; Gunter et al., 1995b) . Multiple regression produced the equations for each forage type to predict microbial N yield (g/d; MNY) from ruminally DOM ( RDOM) intake (kg/d; Figure 3 ). These equations share a s y·x = 6.6, r 2 = .89, and n = 15. Previous predictions have used a linear relationship to predict MNY from RDOM with coefficients ranging from 24.1 to 27.0 g N/kg RDOM (Stern and Hoover, 1979; NRC, 1985; Minson, 1990; Owens et al., 1991) . In contrast, the ARC (1980) stressed that these coefficients are not biological constants and MNY is not always related linearly to RDOM. However, linear equations often are used for ease of calculation (ARC, 1980) and probably are functional within a narrow range of RDOM. Fecal N excretion (g/d) was lower ( P < .03; r = .55) during times of low N intake ( Table 6 ). The percentage of masticate N was strongly associated ( r = .80) with the percentage of fecal N and forage type was unimportant ( P = .51) as a source of variation. Apparent ruminal N digestibility was correlated ( r = .72) to the level of N in the diet (Table 7) . Regression analysis indicated that apparent ruminal N digestion ( ARND) was zero at a dietary N concentration ( DN) of 2.8 ± 3.8% (ARND = 44.3DN − 125, s x·y = 23.2, r 2 = .51). The SE for the point at which ARND equals zero is high because the predicted independent variable is at the upper limit of the data (1.0 to 2.8). Other researchers have estimated this point to lie somewhere between 2.1 and 2.4% dietary N (Owens and Zinn, 1988; Minson, 1990; McCollum, 1991; Gunter et al., 1995a) . The NRC (1984) and ARC (1980) assumed a ratio of intake N:postruminal N of 1.0 when calculating the protein requirements of beef cattle. This ratio in our study ranged from 1.2 to 2.0 on MIDGRASS and .9 to 2.1 on BLUESTEM. The NRC (1984) assumption would overestimate the dietary protein requirements of these cattle.
The high ratios of postruminal N flow to intake N in the present study suggest that the cattle were energydeficient at the tissue level (ARC, 1980) . If energy is first-limiting for performance, protein will be catabolized for energy until energy needs are met; the remaining protein will be used to meet protein needs (Clanton and Zimmerman, 1971) . Matras and Preston (1989) found that N retention was increased by the intravenous infusion of glucose into lambs consuming a high-protein diet at near maintenance levels of energy intake. Additionally, supplemental energy has increased apparent ruminal N digestibility and N retention in steers without depressing forage intake (Lake et al., 1974a; Krysl et al., 1989; Pordomingo et al., 1991) . The limited supplementation (.45 kg/d) of steers grazing irrigated pasture with a pelleted corn (94%) and molasses (5%) mixture increased gain by .31 kg/d over a 122-d period (Lake et al., 1974b) . It is reasonable to conclude that N retention and growth would be improved if cattle on MIDGRASS and BLUESTEM were supplemented with a limited quantity of high-energy supplement.
True ruminal N digestion was low in comparison to some previous estimates (Table 7; NRC, 1984; NRC, 1985; Owens and Zinn, 1988; Minson, 1990 ) but similar to other reports (Funk et al., 1987a; Campbell, 1989; Gunter et al., 1993) . Most of the forage N degradability data to date have been generated with cool-season forages. It is possible that proteins in warm-season forages are less degradable in the rumen than proteins in cool-season forages (Jones et al., 1987 Brake et al., 1989) . In June 1990, true ruminal N digestion was negative for MIDG-RASS. Other researchers have noted this same impossibility when estimating true ruminal N digestion of low-quality forages (Campbell, 1989; Gunter et al., 1990 ). Calculations do not account for endogenous N secretions and sloughed epithelial cells, and these contributions should decrease digestibility estimates. MacRae et al. (1979) suggested that in addition to N recycled to the rumen via blood and salivary urea, sloughed epithelial cells or secretions contribute significant amounts of N to duodenal flow. The magnitude of these endogenous contributions is not well defined. Kreikemeier et al. (1992) measured the contribution of abomasal secretions to duodenal N flow in steers fed different diets at various levels of intake. By comparing the differences between abomasal and duodenal samples, they failed to note any significant N contribution to chyme as it passed through the abomasum (Kreikemeier et al., 1992) . Both of these sources of endogenous N (epithelial cells and abomasal secretions) are included in the nonmicrobial fraction flowing into the duodenum when estimates are calculated by difference between total N flow and microbial N flow.
Microbial efficiency ( MCOEFF; Table 7 ) was relatively high in respect to other research (Funk et al., 1987a; Stokes et al., 1988) . Estimates of MCOEFF for both forage types were within previously reported ranges (NRC, 1985; McMeniman et al., 1986; Minson, 1990) . In June and August, intake of ruminally degradable N (RDN)/RDOM was as low as 9 g/kg (Gunter et al., 1995b) , which is well below the suggested requirement of 20 g RDN/kg RDOM (McMeniman and Armstrong, 1977; Nolan et al., 1986) . It is evident that in this instance recycled N to the rumen contributed significantly to microbial protein synthesis.
Plains bluestem pasture and MIDGRASS seemed to fit the characteristics prescribed for complementary forages (Nichols and Clanton, 1987) during the summer grazing season. Plains bluestem pasture complemented MIDGRASS by supplying more ( P < .05) NAN at the duodenum and had a higher ( P < .01) digestible OMI in June and August. During this same period, cattle grazing BLUESTEM had higher ( P < .05) yields of microbial protein from the rumen that probably resulted from the higher degradation of N and OM in the rumen (Gunter et al., 1995b) .
The NAN flow at the duodenum was disproportionately high relative to energy intake for cattle grazing either forage type. It is reasonable to conclude that N retention and growth would be improved if cattle on MIDGRASS and BLUESTEM were supplemented with a limited quantity (< .3% of BW) of a highenergy supplement (> 75% TDN). The low apparent N digestibilities in the rumen suggest that recycled N was sufficient to meet microbial demands, but if the energy status of the animal is increased by supplementation, then the quantity of N available for recycling might be reduced. Therefore, future research examining optimal supplements for cattle grazing these forages should probably focus on energy supplementation; however, because providing a source of supplemental energy will reduce the amount of N available for recycling, researchers may find that some RDN in the supplement will be required to complement the supplemental energy.
Implications
Based on these data, a forage system incorporating plains bluestem and midgrass prairie as complements should use midgrass prairie during the spring and fall and plains bluestem during the summer. This grazing pattern would allow the midgrass prairie to rest during the summer when plains bluestem is nutritionally superior to midgrass prairie. Cattle grazing both forages consumed ample nitrogen to support a high level of performance. However, digestible organic matter intake seemed to be the first-limiting factor.
